Abstract -In recent years, with the rapid development of symbolic computation, the integration of symbolic and numeric methods is increasingly applied in various applications. This paper proposed the use of symbolic computation for the evaluation of measurement uncertainty. The general method andprocedure are discussed, and its great potential and powerful features for measurement uncertainty evaluation has been demonstrated through examples.
INTRODUCTION
Since the publication of the ISO Guide to the Expression of Uncertainty in Measurement (GUM) in 1993 [1] , the importance of measurement uncertainty and its evaluation has been increasingly recognized. According to the GUM, the mathematical model for the measurand concerned plays a key role in the evaluation of measurement uncertainty. In deed, the definition of sensitivity coefficient of each uncertainty source is based upon partial derivative, which generally implies the use of mathematical models.
To facilitate the evaluation and automate the computation, several software tools have become commercially available to assist practical evaluations [2] . Most of these software tools are based on pure numerical methods using traditional programming languages (e.g. C/C++) or spreadsheets (e.g. Microsoft Excel) [2] [3] . Despite its overwhelming popularity for scientific computing, pure numerical methods have some considerable limitations in uncertainty evaluation.
The major limitations of pure numeric computation in uncertainty evaluation include the following:
I)The mathematical model is the starting point and the key to the uncertainty evaluation. It is highly desirable to allow the use of any common symbols or user-defined symbols directly in the representation of the mathematical model.
Uncertainty evaluation using pure numeric computation often limits the use of symbols or even only allows the symbols predefined by the software.
2)This also applies to the intermediate calculations of individual standard uncertainty. The use of user defined symbols for intermediate calculations is not allowed or limited in most of the existing uncertainty evaluation tools.
3)The numerical computation of sensitivity coefficients usually calculates the partial derivatives according to the definition, and the approximate result is thus sensitive to the algorithms and rounding errors. Further it requires that the values of all the variables are already known, and the computation will have to be repeated if any of the values changes.
4)The results of the calculation can be directly affected by errors in the previous steps, which can trigger a chain reaction for the following steps [4] . 5)Numeric computation also makes it less obvious to see the influences and contribution of various factors to the final measurement uncertainty.
The above mentioned limitations of pure numeric computation tend to make uncertainty evaluation appear more difficult and less user friendly. The direct evidence of these limitations can be easily seen from the limited capacity for expressing and processing the mathematical models in the existing software tools. They are also likely to impede the wide application of uncertainty evaluation.
The main difficulty lies in that the mathematical model for the measurement varies in each case, and that it has to be defined by the user at the run time and can not, in general, be predefined in the software.
PROPOSED APPROACH
This paper proposes and discusses the integration of symbolic computation and numeric computation in uncertainty evaluation. Symbolic computation as a completely different analytical method has been increasingly applied as an alternative computing tool [5] . Compared with numeric computation, symbolic computation represents and manipulates information in symbolic form, i.e. it directly processes the symbols rather than the values of all the variables in the calculation.
Symbolic computation aims at the automation of mathematical calculation and is able to overcome most of the above limitations associated with numeric computation with the following advantages:
1)It simplifies mathematical calculations and makes it natural to use mathematical expressions and models.
2)It puts more emphasis on the analytical process than pure numerical methods, making the logic easily understood. [4] 3)This computation approach requires as little input data as possible.
More specifically, the authors proposed the use of symbolic computation for the mathematical model of Ultimately, the use of symbolic computation will make the uncertainty evaluation easier and more user-friendly, facilitating its use in more applications.
'Mathematical Expression Component' according to the measurement process concerned.
Variables can be represented by any symbol, either commonly defined or user defined. Symbols for standard operations can be directly used.
In this DC current measurement case, the measured current I is calculated according to Ohm's law,
where V is the voltage, and R is the resistance. The user can directly type any valid mathematical expression in this section (Fig. 2) Symbolic computation was implemented using the mathematical software, Maple 10. The feasibility of performing evaluation of measurement uncertainty using symbolic computation has been studied through examples, initially created as Maple worksheets.
The worksheet is composed of three main sections, as illustrated in Fig. 1 (2) Once the model is defined, the rest of the computation remains the same. The details of derivation and computing process are hidden from the user and the use of numeric computation is minimized. Numeric computation is only used when it is necessary to produce the final numerical values.
Of course it is possible to display any intermediate calculation result, e.g. the sensitivity coefficient of the first input quantity M is given by:
The results in symbolic form show clearly the influences of all the input variables. 
The background process will calculate the combined standard uncertainty, together with all symbols in Section A and section B. In the DC current measurement, the combined standard uncertainty is:
Through symbolic computing, the use of symbols and related mathematical expressions is maximized with simplified and automatic calculation procedures.
The symbolic results can highlight the relationship between the input quantities and the contribution of various factors to the final measurement uncertainty.
CONCLUSIONS
Expressing the mathematical model symbolically, it is able to process the model and evaluate measurement uncertainty both symbolically and numerically.
The symbolic evaluation of measurement uncertainty is natural, easy to use, and powerful to handle complicated cases.
Its great potential for measurement uncertainty evaluation has been demonstrated through examples.
Although this paper discussed the symbolic computation using Maple's powerful mathematical computing engine, it is possible to use other technologies for symbolic computation.
For example, Java is capable of symbolic computing [7] . With arR. t4(R)+ aR 44(R)
